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Abstract
·AIM:Toobtainbaselineknowledgeaboutthecurrent
useofintra-arterialchemotherapy (SSOAIC)incenters
worldwide.
· METHODS:Asurveyincludingquestionsaboutthe
useofSSOAICwasemailedtoretinoblastomaexperts.
·RESULTS:Seventy-nine(responserate69.9%)doctors
from63centersin35countriesresponded.Thirty-one
centersfrom19countriesuseSSOAIC.Twelveperformed
more than 50 procedures. Melphalan is the most
commonlyuseddrugbut15centersusemorethanone
drug.Firstlinetherapyforadvancedunilateraldiseaseis
themostcommonuseofSSOAIC(74.2%).Centerswith
largerexperience(>50applications)werelesslikelyusing
melphalanalone ( =0.06)andsignificantlymorelikely
usingSSOAICinmoresituationssuchassecondlinein
preferencetoradiotherapy =0.05.Nineteen (61.2%)
statedthatSSOAICimprovedtheirresultsand21(77.8%)
reportedlesstoxicitycomparedtoothertreatments.
ThreecentersreportedthatSSOAICdidnotimprovetheir
results.Therewereregionalvariationsintheuseof
SSOAICwhichisusedmorefrequentlyassecondary
treatmentinEuropecomparedtotheUSAandJapan.
Tencentersidentifiedcostisthemajorlimitingfactorfor
SSOAIC.
· CONCLUSION:SSOAICisusedinanincreasing
numberofcentersworldwidewithregionalvariations.
CenterswithmoreexperienceinSSOAICuseitinmore
situationsincludingotherdrugsthanmelphalan.The
majorityofthecentersusingthistechniquereported
improvedresultsandfewcomplications.
·KEYWORDS: retinoblastoma;intra-arterialchemotherapy;
survey
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INTRODUCTION
R
etinoblastomaisthemostcommonpediatricintraocular
malignancy,occurringinabout4-5casespermillion
childrenfrom0to14y.Indevelopedcountries,thecurerate
ishigherthan95%andmosteffortsareconcentratedin
improvingtheeyesalvagerates.Strategiesforeyesalvage
evolvedfromexternalbeamradiotherapyupinthemid1990s
tochemotherapyinthepresenttime.Inthepastfewyears,
superselectiveintra-arterialophthalmicarterychemotherapy
(SSOAIC)hasbecomeanestablished therapyfor
retinoblastomaandalthoughitisacomplexprocedure,itis
now performedinmanycountries
[1,2].Theaimof
retinoblastomatreatmentispreservationoflifebutthis
techniqueisalsoremarkableinimprovingglobesalvage
[3-6].
Publishedreportsaccountforashighas100%globesalvage
ingroupsCandDpatientsandaremarkable50%globe
salvageingroupEpatients
[5,7].SSOAIChasbeenusedas
primarytreatmentinadvancedandlessadvanceddisease
(groupsCandD)aswellasretinoblastomaswithextensive
retinaldetachment
[8].Itcanalsobeindicatedinbilateralcases
(tandemtherapy)orfollowingintravenouschemotherapy
[9,10].
Finallyithasbeenproposedassalvagetreatmentineyesthat
havefailedconventionaltreatment
[1].
Despiteencouragingresultswerereported,somegroupsdid
notadoptthistreatmentandmanycontroversiesexistamong
treatmentgroups
[11].Thesecontroversiesarefocusedon
indications;thechemotherapyagentstouse;oculartoxicity
andpotentialforlongtermsystemictoxicity
[12-14].These
aspectsseeminfluencedforthelearningcurveofthis
sophisticatedtechniqueandtheteamworkexperience
[15].
CriticstoSSOAICstatethatthistreatmentmaymissoccult
metastaticdiseasewhichwouldbepreventedbysystemic
chemotherapy,andsomegroupsexpressedtheirconcern
aboutretinalandchoroidvasculareventsordrug-related
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endothelialtoxicity
[12-14].Thesediscrepanciesregarding
indications,chemotherapyagentstouseandsideeffects
highlighttheneedofaprospectivemulticenterstudyas
alreadystatedbyLevin
[11] butsuchstudyhasnotbeen
donethusfar.
Therefore,theaimofthisstudywastoobtaininformationon
theuseofSSOAICforthetreatmentofretinoblastomaby
surveyinggroupscurrentlyusingandnotusingthisprocedure
inordertogaininsightaboutthecurrentpracticeaboutits
indications,agentsusedandproblemstheyhaveencountered.
MATERIALSANDMETHODS
AsurveyincludingquestionsabouttheuseofSSOAICand
thecharacteristicsoftheparticipatingcenterswasprepared.
Aninvitationtocompleteitwassentbyemailtointernational
expertsfromthemailinglistoftheseniorauthorbasedonthe
InternationalRetinoblastomaStagingSystemworkingGroup
(www.cure4kids.org)usingadedicatedlink.Asecond
announcementwasmadeafter2wkandathirdone,amonth
afterwardswhichweredirectedtothosewhowereinvitedbut
didnotrespondtheoriginalinvitation.Thesurveyremained
openfor2mo.
SinceweenquiredabouttheuseofSSOAICindifferent
diseasescenariosandclassificationsmayvaryamong
different groups, weusedtheoriginalinternational
classificationproposedbyLinnMurphreefromtheChildren's
HospitalofLosAngelesforanalysis
[16].Inthisclassification,
GroupEeyesaredefinedasthosehavingatleastoneofthe
following features:neovascular glaucoma,massive
intraocularhemorrhage,buphthalmia,phthisis,anterior
segmentinvasion,asepticorbitalcellulitis,tumortouching
lensordiffuseinfiltratingretinoblastoma.However,ina
modificationofthisgroupingsystembythePhiladelphia
group,thoseeyeswithmorethanhalfoftheretinainvolved
bytumorbutnotnecessarilyshowingtheabove-described
featuresareconsideredgroupE
[17],whereastheywouldnot
qualifyforgroupEintheoriginalLosAngelesclassification
wheretheywouldbeconsideredgroupD
[16] (Table1).Since
thisdifferencemayaffecttheinterpretationofthedata,we
askedtheparticipantshowapatientwithinvolvementof
morethanhalfoftheretinathegroupingsystemwouldbe
classifiedintheirinstitutiontoallowustointerpretifthese
patientswouldbeconsideredasgroupD( =14centers)or
E( =14centers)(noresponseintheremaining3)inagiven
institution.Onlyoneresponsepercenterwasanalyzedfor
thisstudy.Responsesfromthesamecenterfromdifferent
doctorswerecomparedforaccuracyandin2cases,the
respondentswerecontactedfor clarificationoftheir
responses.
Descriptivestatisticaltestswereusedforanalyzingthe
results.Significancetestsreportedare2-tailed.
RESULTS
Atotalof113doctorswereinvitedtoparticipateinthe
surveyand79(69.9%)from63centersin35countries
responded.
CentersUsingSSOAIC Atotalof31centersfrom19
countriesreportedthattheywereusingSSOAICatthetime
ofthesurvey.Seven(22.6%)ofthesecenterstreatmorethan
40patientsperyear,9(29%)treatbetween21to40;10
(32.3%)treatbetween10-20and5(16.1%)treatlessthan10
patientsperyear.Ofthesecenters,3(9.7%)startedtheir
SSOAICprogramslessthanayearbeforethesurvey,from
1-3yin15(48.4%)andmorethan3yin13(41.9%).Five
centers(17.9%)performedlessthan10procedures,11(39.3%)
between10to50,5(17.9%)between51and100and
7(25%)morethan100proceduresofSSOAIC.In24of28
centers(85.7%)aninterventionalneuroradiologistperforms
theproceduresandintheremaining4(14.3%)SSOAICis
donebyageneralinterventionalradiologist.
Table 1 Comparison between the 2 versions of the International Classification for Intraocular Retinoblastoma 
Groups  Children’s Hospital of Los Angeles version  Philadelphia version 
A  Eyes with small discrete tumors away from critical structures. All tumors are  ≤3 mm, confined 
to the retina, and located at least 3 mm from the foveola and 1.5 mm from the optic nerve. No 
vitreous or subretinal seeding is allowed.  
Retinoblastoma tumor  ≤3 mm (in basal dimension or 
thickness) 
B   Eyes with no vitreous or subretinal seeding and retinal tumors of any size or location. Retinal 
tumors may be of any size or location not in group A. A small cuff of subretinal fluid extending 
≤5 mm from base of the tumor is allowed. 
Retinoblastoma tumor >3 mm or macular location
(≤3 mm from foveola) 
Juxtapapillary location (≤1.5 mm to disc) 
Subretinal fluid  ≤3 mm from margin  
C  Eyes with only focal vitreous or subretinal seeding and discrete tumors of any size or location. 
Any seeding must be local, fine and limited so as to be theoretically treatable with a radioactive 
plaque. Retinal tumors are discrete and of any size and location. Up to one quadrant subretinal 
fluid may be present. 
Retinoblastoma tumors with subretinal seeds  ≤3 mm 
from tumor 
Vitreous seeds  ≤3 mm from tumor 
Both subretinal and vitreous seeds  ≤3 mm from tumor 
D  Eyes with diffuse vitreous or subretinal seeding and/or massive non discrete endophytic or 
exophytic disease. Seeding more extensive than Group C. Massive and/or diffuse intraocular 
disseminated disease may consist of fine or  “greasy” vitreous seeding or avascular masses. 
Subretinal seeding may be plaque-like. Includes exophytic disease and >1 quadrant retinal 
detachment. 
Retinoblastoma tumors with subretinal seeds >3 mm from 
tumor 
Vitreous seeds >3 mm from tumor 
Both subretinal and vitreous seeds >3 mm from tumor 
E  Eyes that have been destroyed anatomically or functionally by the tumor. Eyes with one or more 
of the following. Irreversible neovascular glaucoma, massive intraocular hemorrhage, aseptic 
orbital cellulitis, tumor anterior to anterior vitreous face, tumor touching lens, diffuse infiltrating 
retinoblastoma, phthisis or pre-phthisis  
Extensive retinoblastoma occupying >50% of the globe or 
neovascular glaucoma 
Opaque media from hemorrhage in anterior chamber, 
vitreous or subretinal space 
Invasion of postlaminar optic nerve, choroid (>2 mm), 
sclera, orbit, anterior chamber 
 
727Thirteencenters(46.4%)useonlymelphalanassingleagent
forSSOAICand4(14.3%)useitincombinationwith
carboplatinortopotecanwhereas11centers(39.3%)use
these3drugsincombinationforSSOAIC.
UseofSSOAICCasFirstLineTreatment Twenty-three
centers(74.2%)areusingSSOAICasfirstlinetherapyfor
caseswithunilateralretinoblastoma.Twocenters(6.5%)are
usingitfortheprimarytreatmentofGroupEretinoblastoma.
These2centersarethosewithlargestandlongestexperience
inSSOAICworldwideandthecreatorsofthetechniqueand
itsmodification.Twenty-twocenters(71%)useSSOAICfor
thefirstlinetreatmentofgroupDunilateralretinoblastoma
and16(51.6%)areusingitforfirstlinetreatmentofchildren
withgroupBandCeyesinfirstline.Forbilateral
retinoblastoma,12(38.7%)centersuseitforinitialtreatment
ofchildrenwithgroupDeyes,and9centers(29.0%)would
useitforinitialtherapyofbilateralgroupB-Ceyes.
Use of SSOAIC for Eyes with Relapsed-resistant
RetinoblastomaAfterOtherModalities Eightcenters
(25.8%)useSSOAICforsecondarytherapyofunilateralor
bilateralretinoblastomathathasrelapsedafterexernalbeam
radiationtherapy(EBRT)butforthoseatthissituationbut
withasingleremainingeye,12 (38.7%)wouldusethis
modality.Eighteencenters(58%)useSSOAICbeforeEBRT
forsecondlinetherapyofanyeyefailingothertherapies,
includingbilateralcaseswithsingleremainingeyes.
EffectofExperienceintheuseofSSOAIC Therewere
somestatisticallysignificantdifferencesintheuseof
SSOAIC between centerswithmoreexperience(>50
applications)andthosewithlessexperience(Table2).
Centerswithlargerexperience(>50applications)were
significantlymorelikelytouseSSOAICinmoreclinical
scenariosespeciallyforsecondlineconservativetherapyin
bilateralcases.
OpinionsontheImpactofSSOAIC Nineteencentersof
27thatrespondedthequestion(70.4%)statedthattheuseof
SSOAICimprovedtheresultsinthepreservationofeyeswith
retinoblastoma,5(18.5%)arenotsureand3(11.1%)centers
reportedthatSSOAICdidnotimprovetheirresults.These3
centershadatrendforuseofSSOAIConlyforrelapsed
patientsanduseonlymelphalanfortreatment.
AmongtheadvantagesforSSOAIC,21(77.8%)centers
reportedthatSSOAICwasassociatedtolesstoxicity,
19(70.4%)reportedthatitismoreeffectivethanstandard
therapy,14(51.9%)centersstatedthatSSOAICimproved
familyacceptanceoftreatment.
AmongthedisadvantagesforSSOAIC,3centers(9.7%)
reportedmoretoxicityafterSSOAIC(thesame3centersthat
reportedthatSSOAICdidnotimprovetheirresults),10
centersreportedincreasedcost(32.3%)and1center(3.2%)
reportedlimited availabilityforSSOAICtherapy.
MiscellaneouscommentsabouttheconcernsofSSOAIC
werealsocollectedinanopenquestion.Mostincluded
concernsabouttoxicitysuchaspossibilityofstrokein4
cases,oculartoxicityin2,riskofbraintumorsassecond
malignanciesin1,radiationriskin1andanesthesiariskin1
case.
SSOAICuseAccordingtoGeographicLocationofthe
Centers Elevencenters(17.5%)respondingthissurveyare
inmiddleincomecountries.Therewerenosignificant
differencesintheuseofSSOAICcomparedtodeveloped
countries,howeverthe3centersthathadpoorresultswith
SSOAICarefrommiddleincomecountries.Therewasa
non-significanttrendforusingSSOAICasfirstlinetreatment
intheUSA-JapancomparedtoEuropeancentersthattended
topreferitforsecondlinetherapy(Table3).
CentersnotUsingSSOAIC Thirty-onesurveyedcenters
(49.2%)reportednotusingSSOAICfortreatmentof
retinoblastoma.Twenty-three(74.2%)ofthemwerein
middleorlowincomecountries.Fourteen(45.2%)ofthese
centerstreatlessthan10patientsperyear,10-20in5
(16.1%),21-40in6(19.4%)andmorethan40in6(19.4%)
eachyear.Fifteenof30responses (50%)reportedthatthey
wereplanningtoincorporateSSOAICintheirtreatmentof
retinoblastomaand26.7%(=8)statedthattheymay
considertodoso.Sevencenters(23.3%)arenotconsidering
Table 2 Impact of experience in the use of superselective ophthalmic artery chemotherapy (SSOAIC) 
Parameters 
Groups that performed 
more than 50 SSOAIC 
applications (%) 
Groups that performed 
less than 50 SSOAIC 
applications (%) 
P 
SSOAIC used as first line therapy for unilateral disease group E  2/12 (17)  0/17  0.16 
SSOAIC used as first line therapy for unilateral disease group D  10/12 (83.3)  12/16 (75)  0.67 
SSOAIC used as first line therapy for unilateral disease groups B and C  8/12 (66.7)  8/16 (50)  0.67 
SSOAIC used as first line therapy for bilateral disease group D  7/12 (58.3)  5/11 (45.4)  0.24 
SSOAIC used as first line therapy for bilateral disease groups B and C  4/12 (33.3)  5/16 (31.3)  1 
SSOAIC used as second line therapy for uni or bilateral disease before 
considering EBRT  10/12 (83.3)  8/16 (50)  0.11 
SSOAIC used as second line therapy for bilateral disease in eyes that 
received EBRT  7/12 (58.3)  1/16 (6.25)  0.004 
Use of single agent melphalan as only therapy  3/12 (25)  10/16 (62.5)  0.06 
Perception that SSOAIC improve the results in conservative therapy  10/11 (90.9)  9/15 (60)  0.17 
EFRT: Exernal beam radiation therapy. 
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Table 3  Patterns of use of superselective intra-ophthalmic artery chemotherapy (SSOAIC) in Europe versus the USA and Japan 
Parameters  Europe (%)  USA-Japan (%)  P 
SSOAIC used as first line therapy for unilateral disease group E  0/14  2/7 (28.6)  0.1 
SSOAIC used as first line therapy for unilateral disease group D  8/14 (57.1)  7/7 (100)  0.05 
SSOAIC used as first line therapy for unilateral disease groups B and C  6/14 (42.9)  7/7 (100)  0.01 
SSOAIC used as first line therapy for bilateral disease group D  2/14 (14.3)  5/7 (71.4)  0.01 
SSOAIC used as first line therapy for bilateral disease groups B and C  1/14 (7.1)  5/7 (71.4)  0.01 
SSOAIC used as second line therapy for uni or bilateral disease before considering EBRT  7/14 (50)  6/7 (85.7)  0.17 
SSOAIC used as second line therapy for bilateral disease in eyes that received  EBRT  3/14 (21.4)  6/7 (85.7)  0.15 
Use of single agent melphalan as only therapy  7/12 (58.3)  4/7 (57.1)  1 
Perception that SSOAIC improve the results in conservative therapy  8/12 (66.7)  7/7 (100)  0.24 
 
incorporatingSSOAIC(3fromdevelopedcountriesand4
fromdevelopingcountries).
DISCUSSION
Oursurveythatincludedmostmajorreferralcentersforthe
treatmentofretinoblastomaworldwidefoundthatSSOAICis
used morecommonlyforthetreatmentofunilateral
retinoblastomaasanalternativetoenucleationincaseswith
advanceddisease,especiallyinNorthAmericaandJapan.
OneconcernoftheuseofSSOAICforthetreatmentof
unilateralretinoblastomaisthatchildrenwithgroupEdisease
possiblyharboringoccultmetastasiswouldpotentiallyatrisk
ofdevelopingclinicallymetastaticrelapseiftreatedwith
SSOAIC
[12].Oursurveydetectedaninconsistencyinthe
definitionofgroupingofeyewithretinoblastomasincehalf
orthegroupsrespondingtooursurveyusedtheoriginal
definitionproposedforagroupEeyeandtheremainingones
usedthemodifiedversion.Eventhoughacorrelation
betweentheclinicalfeaturesineyesatthemomentof
presentationandtheriskofmetastaticdiseaseisnot
absolutelyclear,studiessuggestthattheriskofoccult
metastasisineyeswithoutglaucoma,buphthalmia,orbital
cellulitis,anteriorsegmentinvasionorpthysisislesscloseto
0%
[18].However,thisriskcanbeupto10%ineyeswithany
ofthesefeatures
[18,19].Inaddition,upto17%to24%of
enucleatedgroupDandEeyesrespectivelymayshowhigh
riskpathologyfeatures
[18].Nevertheless,2centerswouldstill
offerSSOAICtochildrenwithhigherrisk.Interestingly,
thesearethe2centersthatcreatedandmodifiedthe
techniqueandarethosewiththelargestexperience
worldwideandreportedlowincidenceofmetastaticdisease
[1,6].
Nocenterinamiddleincomecountryfromoursurveywould
offerSSOAICtochildrenwithagroupEeye,which
probablyunderscorestheircautiontoavoidanyincreased
riskmetastaticdiseaseinsuchpopulationwhichmaybe
lowerbyenucleatingtheseeyesandsubsequentlytailoring
adjuvanttherapywhenneeded.
Overall,mostcentersworldwidereportedbettertumor
controlwithlowcomplicationsintheirpopulationsregardless
thecentersize,experienceandlocation.Despiteconcerns
aboutthetoxicityofthistreatment,especiallytotheeye,
morethanthreefourthsofthecentersreportedlesstoxicity
thanotherconservativetreatments.Theonly3centersthat
reportedpoorresultsand moretoxicitycomefrom
developingcountrieswithlimitedexperiencewherethis
modalityrequiringhighlysophisticatedfacilitiesmaybenot
available.Comparedtosystemicchemotherapy,SSOAICis
associatedtomilderornonehematopoieticorothersystemic
toxicities,butoculartoxicityincludingchoroidalvascular
changesthatmayadverselyaffectvisionareofconcern
[12].
Themechanismandriskfactorsforthiscomplicationremain
largelyunknown,sosomeauthorsarenotusingthismodality
forlowgroupintraoculardisease.
Hence,SSOAICisusedlessfrequentlyforthetreatmentof
bilateralretinoblastomabutaccordingtooursurvey,it
becamethestandardsecondlineapproachforthosecenters
thathaveitavailabledisplacingEBRT.Wefoundthattheuse
ofSSOAICassecondlinetherapyisrelativelymorepopular
inEuropewherefewercentersofferitforprimarytherapy.
Despiteofconcerningreportsofoculartoxicity,melphalanis
themostwidelyuseddrugandtheonlyuseddrugbya
substantialnumberofcenters.However,centerswithmore
experiencetendedtousemoredrugsthanthosewithless
experience
[14,20].
Toconclude,SSOAICisusedinanincreasingnumberof
centersworldwide,especiallyforthetreatmentofadvanced
unilateral disease.However,mostcentersstillprefer
enucleationforchildrenwithgroupEtumors.Centerswith
moreexperienceinSSOAICuseitinmoreclinicalsituations
andincludeotherdrugsthanmelphalanintheirtreatment
schemas.Themajorityofthecentersusingthistechnique
reportthattheresultsimprovedandthecomplications
decreasedwithitsuse.Mostconcernsarebasedoncostand
availabilityratherthanwithtoxicity.
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